Over the past decade there has been an increased number of llamas and alpacas raised in North America, with a heavy concentration in the Northwest. This increase serves as an impetus for studying the comparative features of the South American camelids in relation to our domestic animal species. The llama and the alpaca occupy a unique epidemiological position between members of the equine and bovine species in terms of their susceptibility to infectious agents that are known to infect either horses and/or cattle. 9, 10, 12, 13 This report describes the isolation of a virus with in vitro properties of bovine herpesvirus type 1 (BHV-1), infectious bovine rhinotracheitis (IBR), from the lungs of a llama with bronchopneumonia.
cultured on standard media for aerobic bacteria. The pericardial fluid was also cultured for anaerobic bacteria by standard procedures. Bacteriologic cultures of the tracheal wash and lungs revealed a heavy (4+) growth of Pasteurella haemolytica. There was no growth from the pericardial fluid, heart, or kidney.
Duplicate samples were tested for the presence of viral infection by a combination of enzyme-linked immunosorbent assay (ELISA) and virus isolation in bovine turbinate cells. The tracheal wash collected antemortem was tested for the presence of respiratory syncytial virus (RSV) by a commercial ELISA test a and was negative. Virus isolation on the tracheal wash was also negative. However, viral isolation on the lung tissue homogenate revealed a rapidly cytopathic virus within 72 hours of inoculation on bovine turbinate cells. Virus identification followed a series of steps, including chloroform susceptibility and neutralization by BHV-1-specific antibodies. b 11 Restriction endonuclease profiles of viral DNA fragments were performed using Pst 1 as previously described . 15, 18 The viral isolate, identified as WSU 88-12613, was compared with the prototype of BHV-1, Cooper strain, and a more recent llama herpesvirus isolate, WSU 90-1159. The viral isolate was chloroform sensitive and was neutralized by BHV-1-specific antibody. Restriction endonuclease analysis (REA) was used to compare DNA fragment patterns of the viral isolate with those of known prototypes of BHV-1; the isolate, WSU 88-12613, was BHV-1 (subtype 1.1). The REA profile of the isolate was nearly identical to that of the Cooper strain of BHV-1 ( Fig. 1 ). Comparative REA of WSU 88-12613 and Cooper strain to a more recent llama herpesvirus isolate, WSU 90-1159, indicated that the more recent isolate displayed a different REA pattern from Cooper but was similar to other BHV-1 strains used in bovine vaccines in the United States. 18 Serology conducted on the serum sample collected antemortem indicated no detectable virus neutralization (<1:5) for RSV, BHV-1, bovine viral diarrhea virus, Parainfluenza type 3 virus, and equine herpesvirus type 1 (EHV-1). The llama serum was positive to bluetongue virus by the agar gel immunodiffusion test and had an antibody titer of 1:1,024 to the Hemophilus-Pasteurella group as determined by the microscopic agglutination test.
The isolation from a pregnant llama of a herpesvirus that is antigenically and biochemically related to BHV-1 poses several interesting questions. Because there was no other supporting evidence (serology, histopathology, virus isolation from tracheal wash), the possibility of laboratory contamination was considered. Diagnosis of a BHV-1 infection is supported by reports of the occurrence of BHV-1 antibodies in the llama-alpaca group, which indicates that these animals are susceptible to infection by BHV-1 or an antigenitally related herpesvirus. 10, 13 However, because no clinical signs of BHV-1 have been previously reported in the llama-alpaca group, our observations should be regarded as preliminary until further studies are conducted. In addition to their susceptibility to BHV-1, an earlier study reported an outbreak of ocular and central nervous system signs in a group of llamas and alpacas that was caused by a herpesvirus antigenically related to EHV-1 . 9 Herpesviruses affecting mammals are generally regarded as species specific and share certain pathogenic features, such as prediliction for mucosal sites, age-related pathogenesis, latency, etc. [1] [2] [3] 5, 6, 19 A thorough review of the literature revealed numerous examples of potential interspecies transmission, especially for BHV-1. 14 Different animal species may have indigenous herpesvirus infections that share common antigenic properties with either BHV-1 or EHV-1, and therefore serologic-based studies should be interpreted with caution 7, 14 Studies on potential interspecies transmission of herpesviruses should be verified by more sensitive techniques, such as REA. 4, 8, 9, 14, 15 Viruses isolated from sheep and goats have been definitively identified by REA as BHV-1. 15 Although REA is useful for distinguishing BHV type, such as BHV-1 from BHV-2, and for the determination of subtypes, such as BHV-1 subtypes 1.1 (IBR virus) and 1.2 a/b (infectious pustular vulvovaginitis virus), the limitations of this analysis should be recognized. Recent studies reported that the use of REA as a diagnostic and/or epidemiologic tool within a subtype may be limited because the pattern of viral DNA varies depending upon the host animal, the tissues sampled, and the number of virus passages. 16, 17 Diagnosticians working with llamas and alpacas are encouraged to expand their laboratory efforts to encompass those viruses known to infect cattle.
.Acknowledgements. We express our appreciation to Dr. Tony Gallina for his continued support of infectious disease diagnosis. We thank Drs. Cheryl Blake Tillman, Steve Parish, Bruce Olcott, Randy Webster, and Dan Tumas for their interest in llama infectious disease diagnosis and members of the virology and bacteriology sections for their technical assistance. Copper deficiency in cattle from California and Nevada is frequently diagnosed by the California Veterinary Diagnostic Laboratory System (CVDLS) and others-17 Copper deficiency can cause poor growth rates, achromotrichia, fragile skeletal systems, anemia, infertility, reproductive failure, and decreased milk production. 5, 17 Thus, cattle in this region are routinely supplemented with copper. Options for copper supplementation on the range include provision of mineral licks or parenteral administration. Unfortunately, mineral licks provide sporadic control of deficiency. 3, 15 Additionally, copper glycinate, a common injectable copper product, is unpopular because it can cause sterile abcessation at injection sites. 15 Thus, interest in soluble copper for injection (to minimize abcesses) is high. 3, 4 Soluble copper (such as edetate [EDTA] or diethylamine oxyquinoline sulphonate salts), however, is potentially more toxic to cattle than the slowly absorbed glycinate of copper. 4, 5, 10, 12 This report describes 2 cases of acute copper toxicosis in calves that had been treated with copper EDTA.
Sources and manufacturers
The 2 cases of suspected copper toxicosis were investigated in the spring of 1990. Both herds originated in the eastern foothills of the Sierra Nevada Mountains. Herd A had been recently moved to the western Sierra foothills. Both regions are deficient in copper and selenium, and both herds have a history of deficiencies of those elements.
The first case (Herd A) occurred after the herd of 200 9-month-old weanling Hereford-Angus crossbred calves were moved to the western Sierra foothills. Upon arrival, the calves were injected with IBR, PI-3, and BVD vaccines, 8- Received for publication October 15, 1990. tridial toxoid, oxytetracycline, iverrnectin (deworming agent), vitamin E/selenium, and an EDTA salt of copper. a Each animal that weighed > 150 kg received a subcutaneous injection of 120 mg of copper. Subsequently, the calves were placed in a dry lot and given oat hay and water. Within 12-36 hours after processing, 20 of the calves developed dyspnea, head pressing, ataxia, and circling behavior, and 16 died within 72-96 hours. Three of the calves were submitted to the CVDLS in Davis, California, for postmortem examination. The lungs were uniformly red, wet, and heavy. The livers were dark and firm and had a marked lobular pattern, and the gall bladders were edematous. Subcuticular petechiation and ecchymotic hemorrhage was widespread. The dominant histologic lesion in all 3 calves was severe acute generalized centrilobular to panlobular coagulative necrosis (Figs. 1, 2) . A thin rim of hepatocytes remained in the periportal zones of some lobules, and in other lobules, no viable hepatocytes were seen. The heavily damaged lobules contained extensive pools of blood.
The lungs from all of the calves were markedly congested, alveolar septae were edematous, and there were mild infiltrates of leukocytes (mixed population) in the interstitium. The kidneys had mild vacuolar degeneration in the tubular epithelial cells.
Cultures of lung, liver, bile, brain, and gut contents yielded no significant growth. Lung, liver, and kidney were negative for bovine virus diarrhea virus, using fluorescent antibody analysis. Brain from 2 of the calves had normal acetylcholinesterase (ACHE) activities of 3.9 and 4.6 PM/g/minute when measured using tissue homogenization modification of the enzymatic ACHE assay for bovine blood. 9 Background concentrations of nitrate (< 10 mg/kg), using ion chromatography, 11 and magnesium (40 mg/kg), using ICP screening, 8 were found in ocular fluids. Liver and kidney tissues were tested using the ICP panel for selected heavy metals and selenium (Table 1) . 8, 19 
